ABSTRACT Cephalopod paralarvae and juveniles were sampled with RMT8 and Bongo nets during 2 cruises of the M V 'Falklands Protector' in the southwest Atlantic Ocean in October/November 1990 and 1991 Each cruise had 2 phases, a northern phase over the Patagonian Shelf edge and adjacent waters, and a southern phase over the shelf around the Falkland Islands. Vertical temperature profiles were used to identify the major fronts and water masses. The subtropical water of the Brazil Current was characterized by the tropical/subtropical Abraliopsis pfefferi and Histioteuthis corona corona, the subtropical/subantarctic H. atlantica and the widespread Taningia danae, species of Brachioteuthis, Chiroteuthis and Galiteuthis, a single specimen of Illex argentinus and an ommastrephid rhynchoteuthion type B. The subantarctic surface water of the Falkland Current contained the richest assemblage of species and was characterised by the subtropicaVsubantarctic H. atlantica, the subantarctic Batoteuthis skolops, H. eltaninae, H. rnacrohista and the subantarctic/antarctic Gonatus antarcticus. With the exception of some small Gonatus antarcticus, the polar frontal zone water of the Falkland Current was relatively poor in species. The Falkland Islands Shelf yielded Loligo gahi, Gonatus antarcticus, Martialia hyadesi, Moroteuthis knipovitchi, Batoteuthis skolops. Semirossia patagonica and an Octopus sp. The data provide new information on the life cycles of Martialia hyadesi and Gonatus antarcticus and are consistent with the view that L. gahi reproduces in shallow water around the Falkland Islands with 1 major brood spawning in the late austral winter.
INTRODUCTION
The early stages in the life cycle of most cephalopod species have received little attention and are poorly understood. This is mainly due to difficulties with sampling, taxonomy and rearing young cephalopods (Vecchione 1987) and, despite the recent publication of a manual for paralarval and juvenile cephalopod identification (Sweeney et al. 1992 ) the young forms of many species, and some entire families, are still unknown. Consequently, there is much to be gained from the study of paralarval cephalopods, particularly for commercially and ecologically important species, since information on early life stages is required for the sustainable management of stocks.
In the southwest Atlantic Ocean major fisheries exist for 2 species of squid, Illex argentinus and Loligo gahi (Csirke 1987) , and there are unexploited stocks of other species which are likely to be fished commercially in the future (Rodhouse 1990) . Although there has been recent progress in understanding the early life cycle of I. argentinus (Brunetti 1990 , Brunetti & Ivanovic 1992 there is considerably less information on the paralarval biology of most of the other important species of cephalopods in the southwest Atlantic Ocean. A number of these species are an important food resource for vertebrate predators (Clarke 1980 , Rodhouse et al. 1987 , 1992 , Thompson 1989 .
This paper examines the distribution of paralarval and juvenile cephalopods in the southwest Atlantic Ocean in relation to the major oceanographic features of the region. The data were collected during 2 research cruises on the Falkland Islands Government Fisheries Department vessel, MV 'Falklands Protector', in the austral spring of 1990 and 1991. To minimise the limitations of currently available sampling gear, 2 net types were employed: an RMT8 and a Bongo pair. Both nets were deployed at each station in 1990, with Bongo nets deployed at offshore and RMT8 nets at inshore stations in 1991. Because of limitations imposed by damage to some of the specimens, a lack of intermediate-size specimens linking juvenile to adult forms and an incomplete knowledge of the teuthofauna of the region, the taxonomy of the cephalopod material from this survey is necessarily incomplete. However, the identification of the major commercial species and several of the more ecologically important muscular cephalopods is sufficient for progress to be made in understanding their early life cycles.
STUDY AREA
Given the role of ocean currents in the transport of cephalopod paralarvae, and the dominant influence of the oceanographic regime on the ecology of the southwest Atlantic Ocean, any analysis of cephalopod paralarval distribution requires an investigation of the prevailing oceanographic conditions.
The major oceanographic features of the southwest Atlantic Ocean are the Brazil Current, the Falkland Current and their confluence region (Fig. 1) . These strongly flowing western boundary currents are reviewed by Legeckis & Gordon (1982) Olson et al. (1988 ), Peterson & Whitworth (1989 and Stramma & Peterson (1990) . Both currents are highly stratified water bodies and occur immediately offshore of the South American continental shelf. The Falkland Current is approximately 100 km wide and originates as a branch of the Antarctic Circumpolar Current, carrying subantarctic and polar frontal zone water northwards along the shelf break. The western edge of the Falkland Current is approximately coincident with the 200 m isobath while the northern edge is bounded by the warmer waters of the Brazil Current. The Brazil Current (the western boundary of the South Atlantic Subtropical Gyre) begins at around 8 " s and carries subtropical water southwards along the shelf edge until it meets the Falkland Current in a major confluence referred to as the Subtropical Front. Following their confluence both currents move offshore and, with the Brazil Current dominating, move in a southeasterly direction to at least 40°S at which point the currents separate and the Brazil Current turns northwards to form a quasi-stationary meander of South Atlantic Central Water. The southern limit of the Brazil Current fluctuates between 38 and 46" S due to the intermittent shedding of large warm core eddies. Eddies and other thermal features are often observed within the band of intermediate water separating the 2 currents. Current speeds are high and the following were observed using surface drifters (Gordon & Falkland Current (35 and 40 cm S-'); Falkland Current return (55 and 65 cm S -' ) ; confluence region (85 and 98 cm S-'); Brazil Current (68 cm S -' ) ; and the Brazil Current return (27, 42 and 64 cm S-'). This study assumes the widely used nomenclature for the fronts and zones adopted by Peterson & Whitworth (1989) such that from north to south the following are observed: Subtropical Zone (STZ), Subtropical Front (STF), Subantarctic Zone (SAZ), Subantarctic Front (SAF), Polar Frontal Zone (PFZ), Polar Front (PF) and Antarctic Zone (AAZ) (Fig. 1) .
MATERIALS AND METHODS
Sampling methods. The study area was surveyed 7 October to 9 November 1990 and 28 October to 30 November 1991. Each cruise contained a northern and a southern phase (Fig. 2) . In both cruises the northern phase consisted of a series of latitudinal transects across the Patagonian slope limited to the west by the South American 200 mlle zone; in 1990 the transects 
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.-- Cephalopods were sampled with a single RMT8 net (Clarke 1969 ) and a 600 mm diameter Bongo pair. Hauls were carried out at a nominal 2 knots in 1990 and 2.5 knots in 1991 with net depths monitored by an IOS acoustic monitor (RMT8) and a Benthos timedepth recorder (Bongo).
In 1990, Bongo nets with a 335 pm mesh were deployed for 30 rnin surface hauls in both the northern and southern phases, while the RMT8 was deployed for 90 rnin downward oblique hauls to 300 m in the northern phase and for 60 rnin downward oblique hauls to 200 m (or the bottom) in the southern phase. In 1991, Bongo nets with a 500 pm mesh were deployed for 30 rnin downward oblique hauls to 50 m during the northern phase with the RMT8 deployed as follows during the southern phase: 30 rnin downward oblique to near the bottom, 30 rnin immediately above the bottom and 30 rnin upwards oblique to the surface.
Vertical temperature profiles were obtained for the upper 750 m of water using T? expendable bathythermographs (XBT's). An XBT was deployed at each sample site in the northern phase of the 1990 and 1991 surveys and on 2 transects in the vicinity of the Falkland Islands during the 1990 survey.
Treatment of samples. The samples were handsorted at sea and most cephalopods picked out and fixed in 5 % buffered formalin. The remaining cephalopods were removed by intensive sorting ashore and the settled volume of the remaining zooplankton was determined. All cephalopods were identified to the lowest possible taxon and the dorsal mantle length (ML) was determined to the nearest 0.1 mm (these are the ML's reported in Table 1 ). The non-ommastrephid cephalopod samples were then preserved in Steedman's solution (Steedman 1976) .
In order to examine the ommastrephid rhynchoteuthion paralarvae with a Leica S360 scanning electron microscope (SEM) the formalin-fixed specimens were (1) transferred through an ascending series of acetone concentrations in water (25, 50 and 75 %), (2) placed in 100 O/o acetone, (3) put through 2 changes of 100 % dry acetone for 30 min each, (4) critical-(SDp) were determined for each paralarvae. ML point dried in liquid CO2 and (5) mounted on shrank by 24.8 f 9.0 % during preparation for the SEM stubs with double-sided tape or colloidal silver SEM. In order to determine the proboscis index (PI) and sputter-coated with gold. The ML, proboscis (see Table 2 ) proportional shrinkage of the mantle length (PL) and the diameter of proboscis suckers and proboscis was assumed. (Brunetti 1990 ) by PI and SDI (see Table 2 ) 28-58 RMT8
' Identified as type B rhynchoteuthions by P1 and SDI 10 RMT8 (see Table 2 ). 16-21 knobs on inner whorl of outer RMT8,Bongo chitinous sucker ring of large lateral suckers, with RMT8 11-13 knobs on medial suckers. Chromatophores 38-44 poorly preserved and no photophores apparent on nm RMT8 ventral surface of eyes (see Fig. 4 ) 1 Small juveniles ident~f~ed by characteristic ommastrephid funnel connectives (Roper et al. 1969 ). Dacty-21-33 RMT8 lus suckers in 2 rows for 2 specimens, dactylus suckers lost for third specimen. Funnel groove did not possess 4 Bongo foveola or side pockets No lower taxa assigned due to 3-4 Bongo uncertainty over size at which characters appear and RMT8,Bongo no adult matenal available to link specimens k N o lower taxa assigned as family under revision (Roper 1983) ' Unidentifiable due to damage or lack of suitable characters (given the current state of knowledge). Eleven damaged specimens with a row of 3 blue photophores on ventral surface of eye '"Arm suckers in 2 rows with no enlarged suckers. Skin smooth. Body muscular and web extended to 20-25 "AB of arm length. Eye diameter approximately 30 % ML. Small brown chromatophores more densely concentrated over head than mantle and denser on dorsal rather than ventral mantle surface. Single row of chromatophores along the centre of each arm (approximately same size as on head and mantle) and along each side of each arm (see Fig. 5 ). No lower taxa 3-13 RMT8 assigned. All undamaged specimens appear to belong 14 RMT8 to l species Octopodidae Octopus ~p .~ 1439 Haliphron a tlan ticus 1
RESULTS

Cephalopod taxonomy
Cephalopods were obtained from the orders Sepioidea (1 family), Teuthoidea (1 myopsid and 10 oegopsid families) and Octopoda (2 families). Table 1 (and associated Figs. 3 to 5) reviews this information and provldes the species names (where possible), the numbers of specimens, the range in ML (all formalin-fixed specimens) and the net types with which the samples were obtained. Several taxonomic problems are highlighted by the collection. Of the families represented, 7 (Enoploteuthidae, Gonatidae, Brachioteuthidae, Ommastrephidae, Chiroteuthidae, Cranchiidae, Octopodidae) are presently under revision (Roper 1983 ) and given the current state of knowledge no attempt was made to name specimens from the Brachioteuthidae, Chiroteuthidae or Cranchiidae. The young Octopus specimens are currently unidentifiable, but appear to belong to 1 species (Table 1, Fig. 5 ).
Given the commercial and ecological importance of the Ommastrephidae in the southwest Atlantic Ocean there is a need for more information on ommastrephid paralarvae, especially the rhynchoteuthion stage. On the basis of Brunetti's (1990) description, the single type C rhynchoteuthion in this collection is identified as Illexargentinus (Tables 1 & 2, Fig. 4 ). The identification of the type B specimens however, is problematical. It has been suggested that type B rhynchoteuthions from the north Atlantic Ocean are Ornithoteuthis antillarum (Roper & Lu 1979) and although this species extends to Uruguay in the southwest Atlantic Ocean (Nesis 1987) , from material presently available it cannot be linked through size-series with the type B rhynchoteuthions caught in this study. Specimens from a wide size range are required to relate rhynchoteuthions to the adult with confidence (cf. Roper & Lu 1979 , Harman &Young 1985 , Young & Hirota 1990 .
Net performance. The larger of the 2 nets, the RMT8, generally caught larger cephalopods than the 335 pm or 500 pm mesh Bongo, while the latter was more effective at catching small paralarvae. In 1990, 157 Gonatus antarcticus (maximum ML = 12 mm) were caught with the 335 pm Bongo. This muscular species is probably among the most effective at net avoidance so it appears that the Bongo effectively samples small muscular paralarvae when they are present. The RMT8 was most successful over the Falkland Shelf, especially when fished close to the seabed, catching a relatively large number of Loligo gahi, G. antarcticus, Semirossia patagonica and Octopus sp. and a smaller number of Martialia hyadesi. In the case of G. antarcticus, the larger specimens obtained with the RMT8 extended the size range caught by the Bongo net.
Oceanographic conditions
Both XBT surveys were completed in a north to south direction, taking 15 d in 1990 and 10 d in 1991. Since satellite imagery and inverted echo sounders have shown the Brazil Current extension to oscillate around its mean position at periods of 1 to 2 mo (Legeckis & Gordon 1982 , Garzoli & Biabchi 1987 the dynamic nature of the region should not be ignored. However, because the majority of the variability is concentrated at the STF and because the STF was surveyed in less than a week during both surveys, for the purposes of this study the surveys are assumed to be synoptic.
Although frontal positions are generally determined using both temperature and salinity, in this instance temperature alone is sufficient (the water masses in this region have strong thermal signals and surface temperatures decreased from > 2 0 "C in the north to approximately 5 'C in the south). With reference to the review by Peterson & Whitworth (1989) the XBT temperature-depth profiles were used to locate the various fronts and zones as follows: water. The extent to which the PFZ component pene-SAZ:
the 4 "C isotherm > 500 m deep. trated northwards was greater in 1991 reaching 40°S, SAF:
the northern extent of the 4 "C isowith the northern limit of the SAF further south at therm at 200 m.
around 43"s in 1990. It was difficult to compare the PFZ:
the 4 "C isotherm < 200 m deep and spatial dimensions of the PFZ's due to variation in the deepening rapidly towards the SAF. areas surveyed. In 1990 a greater area was sampled to P : the northern extent of the 2 "C isothe south and east, i.e. the area dominated by the Falktherm near 200 m.
land Current, while the region to the north was sampled AAZ: a temperature minimum of < 2 "C more extensively in 1991 giving more detail of the Brazil which is < 200 m deep.
Current and associated features. Fig. 6 shows evidence of recent eddy generation in 1991, with a large warm The major oceanographic features of the 1990 and core eddy (WCE) centred in the vicinity of 37 to 38's 1991 surveys are shown in Fig. 6 . In both surveys the foland a smaller WCE at 40"s. There was a small cold core lowing features were evident; a STZ, the STF, a SAZ, eddy at 41°S in 1991. The presence of WCE's probably the SAF and a PFZ. Flowing northward within the Falkaccounts for the more northerly position of the STF in land Current are 2 major types of water derived from the 1991 (35 to 36OS), relative to 1990 (37 to 38's). 
Zooplankton settled volume
The Falkland Island shelf waters were considerably Zooplankton settled volumes from each 30 min less variable with surface temperatures ranging from Bongo haul are shown in Fig. 7 . Greater zooplankton 5 to 7 "C in 1990 (the only year in which XBT's were volun~es were obtained in 1991 when the top 50 m of deployed). At the inner stations the waters were comthe water column were sampled than in 1990 when pletely mixed with some surface stratification at the only surface waters were sampled. In 1990 greatest deeper sites (i.e. waters of 100 to 200 m depth).
zooplankton volumes were associated with stations South America . 
Zoogeography
Distributions of cephalopod species in relation to the STZ, the SAZ and the PFZ are given in Tables 3 & 4 (only whole specimens of unidentified teuthoids are reported). In 1990, samples were obtained from the top 300 m using an RMT8 and from the surface using a Bongo net. In 1991 the RMT8 was not used in the northern phase and a Bongo pair was used to sample the top 50 m only. Over the depth of the hauls, the waters sampled were South Atlantic Central Water in the STZ, Subantarctic Surface Water in the SAZ and a mixture of Subantarctic and Antarctic Surface Water in South America , -. :
-.I -. , .-. the PFZ. Although sample regions, net combinations and sample depth varied for the 2 surveys, the association between cephalopod type and water type is marked. In 1990, the Brazil Current was characterised by the tropical/subtropical Abraliopsis pfefferi and Histioteuthis corona corona (both caught well into the STZ away from the STF), the subtropical/subantarctic H. atlantica and the widespread Taningia danae, and Brachioteuthis, Chiroteuthis and Galiteuthis spp. The single specimen of H. corona corona was caught at 35"s 48OW and is the first record for the southwest Atlantic Ocean. In 1991 the species caught were ommastrephid rhynchoteuthion paralarvae types B and C (caught well into the STZ away from the STF) and some unidentified teuthoids (caught mainly in the large warm core eddy).
The SAZ contained the richest assemblage of species. Apart from a single specimen of the tropical/ subtropical Abraliopsis pfefferi (caught close to the STF) and a single specimen of the widespread Haliphron atlanticus, the SAZ was characterised by the subtropicaVsubantarctic Histioteuthis atlantica (caught at, or near, the 5000 m stations in the eastern region of the SAF, while H, eltaninae was caught on the southwestern section of the SAF.
The PFZ was relatively poor in species. Apart from a single specimen of Histioteuthis eltaninae and some unidentified cranchiids, the only species caught in any number were small specimens of the subantarctic/ antarctic Gonatus antarcticus. In 1990 a total of 29 G. antarcticus were caught on the southwestern boundary of the SAF with the remainder (ca 100) caught in the centre of the most southerly transect. Although still in the PFZ, this central station had a pronounced temperature minimum and was thus closer to the PF than any other station. Less species were caught in the PFZ during the 1991 survey.
Paralarval distribution around the Falkland Islands is shown in Figs. 8, 9 10 & 11. All the paralarvae were caught on the continental shelf, inshore of the 200 m isobath. Loligo yahi paralarvae were caught in greatest concentrations at the inshore stations around East Hatanaka et al. (1985) . It is particularly tween the Patago~llan shelf/slope water and the western important to identify these associations in the southboundary of the Falkland Current, and the presence of west Atlantic Ocean for the commercially important young juveniles in October/November indicates that at SAZ water of the Falkland Current, moving in over the shelf to the east of East Falkland. As t h s species must spawn in the vicinity of the Falkland Islands, it is likely that a proportion of the hatching paralarvae are retained in the area with the remainder carried offshore in the main flow of the Falkland Current. (Augustyn 1990 ) Large catches of L gahi paralarvae off East Falkland suggests this specles may select a similar habltat for spawning The size-frequency data show a bimodal distribution (Hatfleld 1992) , consistent with one of the major seasonal broods having a hatching peak in August (Hatfield 1991 ) and another having a hatching peak in June These represent 2 of the 3 broods whlch appear to recruit annually into the commercial fishery (Hatfield 1992) All L gahi paralarvae were taken in Novembel l991
Gonatus antarctrcus paralarvae ap- 
CONCLUSION
The Falkland Current/Brazil Current system has strongly flowing northerly and southerly components, marked gradients in temperature, salinity and current velocity and relatively fixed boundaries (between the currents and the shelf/slope water and, to a lesser extent, between the currents themselves). It is likely that cephalopod life cycles have evolved to exploit these variations, with larval phases concentrating on the Patagonian shelf/off shelf area and the adult phases exploiting the currents for migrations between the spawning and feeding grounds. Interannual variability in the physical system could thus have profound effects on the year class strength of species whose life cycles are adapted to exploit these features. As the relationships between cephalopod life cycles and the mesoscale/largescale oceanographic regime become more clear, observed variability in the stocks of commercially and ecologically important cephalopods will be easier to resolve. Although this study has shown a marked association between the physical environment and particular life stages of particular species of cephalopod, further work is required to establish the variation in these associations for the different life stages (i.e. from eggs to spawning adults). Such information will ultimately lead to a greater understanding of the cephalopod ecology of the southwest Atlantic Ocean and, for the commercially important species, more sustainable management of stocks.
